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5HVXPHQ
(O SUREOHPD GH VHFXHQFLDPLHQWR GH  ORV VLVWHPDV GH SURGXFFLyQPXOWLPRGHOR \ PXOWLQLYHO UHVLGH HQ HO DOLVDGR GH ODV WDVDV GH
SURGXFFLyQGHORVSURGXFWRVILQDOHV\WDPELpQGHODVWDVDVGHFRQVXPRGHORVGLYHUVRVVXEFRQMXQWRV\HOHPHQWRVHPSOHDGRVHQODVHWDSDV
SUHYLDVGHSURGXFFLyQ/DVVHFXHQFLDVGHEHQFRQVWUXLUVHGHDFXHUGRDODVRSFLRQHVGHFDGDSURGXFWRTXHUHTXLHUHQGLIHUHQWHVUHFXUVRV\
WLHPSR GH SURGXFFLyQ VLHQGR HO REMHWLYR HYLWDU VREUHSDVDU HO SRWHQFLDO GH OD LQVWDODFLyQ \ GH ORVPHGLRV KXPDQRV (VWH DUWtFXOR VH
GHVDUUROODDSDUWLUGHOPpWRGR*RDOFKDVLQJTXHHVXQDKHXUtVWLFD*UHHG\GHVDUUROODGDSRU7R\RWDSDUDUHVROYHUHVWHSUREOHPD\TXHHV
DPSOLDPHQWH XWLOL]DGR HQ OD LQGXVWULD GHO DXWRPyYLO (O DUWtFXOR SURSRQH XQDPHMRUD GH GLFKRPpWRGR FRQ OD LQWURGXFFLyQ GH SHVRV
GLIHUHQWHV SDUD FDGD RSFLyQ FRQ HO ILQ GHPHMRUDU HO RUGHQDPLHQWR GH OD VHFXHQFLD 3URIXQGL]DQGR HQ HVWD YtD VH DSOLFD HOPpWRGR
1HOGHU0HDG GH RSWLPL]DFLyQ QR OLQHDO SDUD REWHQHU ORV SHVRV GH RSFLRQHV TXHPLQLPL]DQ HO FRVWH GH OD VHFXHQFLD UHVXOWDQWH /RV
UHVXOWDGRV REWHQLGRV DSOLFDQGR ORV DOJRULWPRV D VLVWHPDV GH SURGXFFLyQ PXOWLPRGHOR \ PXOWLQLYHO VH FRQFUHWDQ HQ HO PXQGR GHO
DXWRPyYLOSDUDXQDVHFXHQFLDLQLFLDOVHJHQHUDOL]DQDXQFRQMXQWRGHVHFXHQFLDVUHSUHVHQWDWLYDVGHOHQWRUQRLQGXVWULDOGHODXWRPyYLO
\VHFRQWUDVWDQFRQUHIHUHQFLDVFOiVLFDVGHODOLWHUDWXUD&RS\ULJKW&($3XEOLFDGRSRU(OVHYLHU(VSDxD6/7RGRVORVGHUHFKRV
UHVHUYDGRV
3DODEUDV&ODYH
+HXUtVWLFDVHVWLPDFLyQGHVHFXHQFLDVSUREOHPDVGHRSWLPL]DFLyQVLVWHPDGHSURGXFFLyQLQGXVWULDGHODXWRPyYLO

 
$XWRUHQFRUUHVSRQGHQFLD
&RUUHRVHOHFWUyQLFRVMXDQMRVHDUHDO#PSVDFRP-XDQ-RVp$UHDO
$ORQVRMJDUUL#XYLJRHV-XOLR*DUULGR&DPSRV
PDULQ#XYLJRHV5LFDUGR0DUtQ0DUWtQ
85/ZHEVXYLJRHVMJDUUL
 ,QWURGXFFLyQ
(Q ORV VLVWHPDVGHSURGXFFLyQPXOWLPRGHOR \PXOWLQLYHO HV
QHFHVDULR PDQWHQHU XQ FLHUWR RUGHQ HQ ORV SURGXFWRV FXDQGR
GLVFXUUHQ D WUDYpV GH OD OtQHD GH SURGXFFLyQ (O WpUPLQR PXOWL
PRGHOR VH DSOLFD D OD SURGXFFLyQ GH XQD VHULH GH SURGXFWRV
GLIHUHQWHV SHUR TXH JXDUGDQ XQD JUDQ VLPLOLWXG HQWUH ORV
HOHPHQWRVTXHORVFRPSRQHQ(OWpUPLQRPXOWLQLYHOGHVLJQDXQD
HVWUXFWXUDFLyQSRUFDSDVRHVWUDWRVHQWUHORVGLIHUHQWHVHOHPHQWRV
TXHFRPSRQHQHOSURGXFWR
(Q HO FDVR SDUWLFXODU GH OD LQGXVWULD GHO DXWRPyYLO FDGD
SURGXFWR VH FDUDFWHUL]D SRU XQ FRQMXQWR GH RSFLRQHV GLIHUHQWHV
WHFKRFLHOR$%6 VLVWHPDVGHQDYHJDFLyQ HWF(VWDVRSFLRQHV
GHEHQVHURUGHQDGDVFRUUHFWDPHQWHGHIRUPDTXHQRVHVREUHSDVH
HOSRWHQFLDOGHODLQVWDODFLyQ\GHORVPHGLRVKXPDQRV
(OIOXMRGHYHKtFXORVVHFRUUHVSRQGHFRQHOIOXMRItVLFRGHODV
FDUURFHUtDVHQXQDIiEULFDGHSURGXFFLyQFRPSXHVWDVWtSLFDPHQWH
GH WUHV WDOOHUHV VROGDGXUDSLQWXUD\PRQWDMH )LJXUD(O IOXMR
FRPLHQ]DHQHOSXQWRGHEDXWLVPRGHOD2UGHQGH)DEULFDFLyQHQ
HO WDOOHU GH 6ROGDGXUD \ VH WHUPLQD HQ HO SXQWR GH
FRPHUFLDOL]DFLyQGHOILQGHIiEULFD&DGDXQRGHHVWRVWUHVWDOOHUHV
HVWiRUJDQL]DGRSDUDIXQFLRQDUHQ),)2)LUVW,Q)LUVW2XWSHUR
WLHQHQ UHTXHULPLHQWRV GLIHUHQWHV D OD KRUD GH FRQIRUPDU ODV
VHFXHQFLDV OR TXH OOHYD D TXH VHD QHFHVDULR UHDOL]DU XQ
UHVHFXHQFLDPLHQWRHQWUHHOORV$VtSRUHMHPSORODFRQVWLWXFLyQGH
XQ FRQYR\ GH YHKtFXORV SHUPLWH UHVSRQGHU D ODV QHFHVLGDGHV GH
SLQWXUDPiV SDUWLFXODUPHQWH D ODV GHO SURFHVR GH ODFDV$ FDGD
FDPELR GH FRORU SRU HMHPSOR TXH XQ YHKtFXOR URMR VLJD D XQR
EODQFR ORV VLVWHPDV GH SLQWXUD URERWL]DGRV GHEHQ SXUJDU ORV
FRQGXFWRV TXH YDQ GHVGH ORV FRQWHQHGRUHV GH SLQWXUD KDVWD ODV
SLVWRODV GH DSOLFDFLyQ (VWD RSHUDFLyQ WLHQH XQ FRVWH QR
GHVSUHFLDEOH HQ FXDQWR DO FRQVXPR GH GLVROYHQWH SRU OR VH TXH
QHFHVLWDHOPDQWHQLPLHQWRGHXQFRQYR\GHWDOODPtQLPDGHFDGD
FRORU(QOD)LJXUDVHPXHVWUDXQHVTXHPDGHIOXMRGHYHKtFXORV
FDUDFWHUtVWLFR HQWUH ORV GLIHUHQWHV WDOOHUHV ODV ]RQDV GH UHWRTXHV
GHQWURGHHOORV\ORVVLVWHPDVGHDOPDFHQDPLHQWRXWLOL]DGRVSDUD
FDGHQFLDU \ UHFDGHQFLDU ORV YHKtFXORV GH DFXHUGR D ODV
QHFHVLGDGHV
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
)LJXUD(VTXHPDGHIOXMR WtSLFRGHYHKtFXORVHQWUH ORVGLIHUHQWHV WDOOHUHV\
VXVDOPDFHQHV

(O ODQ]DPLHQWR GH ORV YHKtFXORV HQ OD HQWUDGD GHO WDOOHU GH
PRQWDMHVXSRQHTXHODVSLH]DVQHFHVDULDVSDUDUHDOL]DUHOYHKtFXOR
VHUiQHIHFWLYDPHQWHDSURYLVLRQDGDVFRQODVXILFLHQWHDQWLFLSDFLyQ
\KDGHWHQHUHQFXHQWDODGLVSRQLELOLGDGGHSHUVRQDO6HWUDWDGH
SUHYHU\GHUHVSHWDUODFDUJDLQVWDQWiQHDGHORVSXHVWRVRVHFWRUHV
TXH SHUPLWD XQ HTXLOLEUDGR GH OD OtQHD 3DUD HVWH HTXLOLEUDGR VH
HPSOHDQFOiVLFDPHQWHWpFQLFDVGHQRVXFHVLyQ\HOHVSDFLDPLHQWR
VLPSOH/DQRVXFHVLyQFRQVLVWHHQQRKDFHUTXHYD\DQVHJXLGRV
GRV YHKtFXORV GDGRV \ SHUPLWH UHVSRQGHU D QHFHVLGDGHV GHO
PRQWDMHGHOWLSRLPSHGLUTXHXQYHKtFXOR³GLUHFFLyQDGHUHFKDV´
VLJD D XQ YHKtFXOR ³WHFKR FRQ DEHUWXUD³ SXHVWR TXH HVWRV GRV
WLSRV GH FRFKHV VXIUHQ RSHUDFLRQHV ODUJDV TXH DFXPXODGDV
SXHGHQ UHWUDVDU FLHUWRV SXHVWRV GH OD OtQHD VL HVWDV RSFLRQHV QR
HVWiQHVSDFLDGDV3RURWURODGRHOHVSDFLDPLHQWRVLPSOHUHVSRQGH
DODQHFHVLGDGGHORVWDOOHUHVGHPRQWDMHGHQRRUGHQDUPiVGH[
YHKtFXORVGHXQWLSRGHQWURGHXQDYHQWDQDGHQYHKtFXORVDILQ
GH UHVSHWDU ODFDUJDGH ORVRSHUDULRVR ODV OLPLWDFLRQHV OLJDGDVD
ODVRSHUDFLRQHVDXWRPiWLFDV

)LJXUD(MHPSORGHHTXLOLEUDGRGHSXHVWR
(QOD)LJXUDVHPXHVWUDJUiILFDPHQWHXQHMHPSOREiVLFRGH
HTXLOLEUDGRGHFDUJDGHWUDEDMRDWHQGLHQGRDXQ~QLFRFULWHULR
/D E~VTXHGD GH OD VHFXHQFLDRSWLPD HQWUH ODV FRPELQDFLRQHV
SRVLEOHV HV XQ SUREOHPD13KDUG .LV 1R H[LVWH QLQJ~Q
DOJRULWPR GH UHVROXFLyQ SROLQyPLFD SDUD UHVROYHU SUREOHPDV GH
HVWH WLSR TXH VH FDUDFWHUL]DQ SRU XQD H[SORVLyQ H[SRQHQFLDOGHO
WLHPSR GH FiOFXOR HQ IXQFLyQ GHO DXPHQWR GHO WDPDxR GHO
SUREOHPD 0pWRGRV KHXUtVWLFRV FRPR 6LPXODWHG $QQHDOLQJ
.LUNSDWULFNHWDO'RZQVODQGDOJRULWPRVJHQpWLFRV
*ROGEHUJ  E~VTXHGD WDE~ VLVWHPDV H[SHUWRV 3DUUHOOR
\E~VTXHGDVHQYHFLQGDG(VWHOORQHWDO&RUGHDXHW
DO  HQWUH RWURV SURSRUFLRQDQ VROXFLRQHV SRVLEOHV TXH
DXQTXH QR DOFDQFHQ OD VROXFLyQ ySWLPD UHGXFHQ  OD IXQFLyQ GH
FRVWHHQXQWLHPSRUD]RQDEOH8QUHVXPHQGHOHVWDGRGHODUWHGH
ORVPpWRGRVVHGHVFULEHHQ6ROQRQHWDO
'H HQWUH WRGRV HOORV HOPpWRGR*RDOFKDVLQJ *&0 HV XQD
UHIHUHQFLDHQHOVHFWRUGHODXWRPyYLO*&0KDVLGRGHVDUUROODGR\
HPSOHDGRSRU7R\RWDSDUDRUGHQDUHOSDVRGHORVYHKtFXORVSRUODV
OtQHDVGHPRQWDMH\HV WDPELpQDPSOLDPHQWHHPSOHDGRSRURWURV
FRQVWUXFWRUHV GH DXWRPyYLOHV GHQWUR GH VXV VLVWHPDV GH
SURGXFFLyQ-XVW,Q7LPH0RQGHQ
(QHVWHDUWtFXORVHSDUWHGHOHPSOHRGHOPpWRGR*RDOFKDVLQJ
GHVFULWRHQODVHFFLyQSDUDUHVROYHUHOSUREOHPDGHE~VTXHGD
GHODVHFXHQFLDySWLPDSDUDOtQHDVGHPRQWDMHGHYHKtFXORV\VH
SURSRQH XQD QXHYD IXQFLyQ GH FRVWH &QHVWL VHFFLyQ  TXH
PHMRUD ORV UHVXOWDGRV IUHQWH D RWUDV IXQFLRQHV GH FRVWH (Q OD
VHFFLyQVH LQWURGXFHHOFRQFHSWRGHSHVRVGLIHUHQWHVSDUDFDGD
RSFLyQFRQHOILQGHPHMRUDUHORUGHQDPLHQWRGHODVHFXHQFLD6H
SUHVHQWDQ ORV UHVXOWDGRV FRQ FXDWUR YHFWRUHV GH SHVRV ILMRV
3RVWHULRUPHQWH HQ OD VHFFLyQ  VH SURSRQH OD DSOLFDFLyQ GHO
PpWRGR1HOGHU0HDG 1HOGHU DQG0HDG  GH RSWLPL]DFLyQ
QROLQHDOSDUDREWHQHUORVSHVRVTXHPLQLPL]DQD~QPiVHOFRVWH
GH XQD VHFXHQFLD )LQDOPHQWH ORV UHVXOWDGRV REWHQLGRVSDUD XQD
VHFXHQFLD LQLFLDO VH JHQHUDOL]DQ D XQ FRQMXQWR GH  VHFXHQFLDV
UHSUHVHQWDWLYDV GHO HQWRUQR LQGXVWULDO \ VH FRQWUDVWDQ FRQ
UHIHUHQFLDVFOiVLFDVGH OD OLWHUDWXUDHQ ODVHFFLyQPLHQWUDVTXH
HQ OD VHFFLyQ VH UHDOL]DXQD~OWLPDH[SHULPHQWDFLyQFRQGDWRV
UHDOHVH[WUDtGRVGHXQDOtQHDGHPRQWDMHLQGXVWULDO

 0RGHORGHVHFXHQFLDPLHQWRGHYHKtFXORV\IXQFLyQGH
FRVWH
(OSUREOHPDGHVHFXHQFLDPLHQWRGHYHKtFXORVKDVLGRSULPHUR
GHVFULWRSRU3DUHOOR3DUHOORHWDO(VWHSUREOHPDLPSOLFD
HORUGHQDUORVFRFKHVDORODUJRGHXQDSODQWDGHIDEULFDFLyQSDUD
LQVWDODU ODVRSFLRQHV SRUHMHPSOR WHFKRSDQRUiPLFR UDGLRDLUH
DFRQGLFLRQDGRHQHOORV&DGDRSFLyQHVLQVWDODGDHQXQDHVWDFLyQ
GLIHUHQWHGLVHxDGDSDUDUHDOL]DUODRSHUDFLyQFRPRPi[LPRHQXQ
FLHUWR SRUFHQWDMH GH ORV YHKtFXORV TXH SDVDQ D OR ODUJR GH OD
FDGHQDGHPRQWDMH \ HVWR LPSOLFDTXH ORV FRFKHVTXH UHTXLHUHQ
HVWDRSFLyQGHEHQVHUHVSDFLDGRVGHPRGRTXHQXQFDVHVREUHSDVH
ODFDSDFLGDGGHFDGDHVWDFLyQ(VWHOORQHWDO
(VWH UHTXLVLWR VH SXHGH IRUPDOL]DUPHGLDQWH UHVWULFFLRQHV GHO
WLSRSTFDGDRSFLyQVHDVRFLDDXQDUHVWULFFLyQHQIRUPDGHUDWLR
ST TXH LQGLFD TXH FXDOTXLHU VXEVHFXHQFLD GH T YHKtFXORV
VXFHVLYRVSXHGHLQFOXLUFRPRPi[LPRSYHKtFXORVTXHUHTXLHUHQ
HVWDRSFLyQ
8Q FDVR GHO SUREOHPD GH RUGHQDPLHQWR GH YHKtFXORV HVWi
GHILQLGRSRUHOFRQMXQWR92STUGRQGH

9 ^Y«YQ`HOFRQMXQWRGHYHKtFXORVTXHVHUiSURGXFLGR
2 ^R«RP`HVHOFRQMXQWRGHODVGLIHUHQWHVRSFLRQHV
S2o 1 \T2o0 GHILQHQ OD UHVWULFFLyQ GH FDSDFLGDG
DVRFLDGD D FDGD RSFLyQ RL2 HVWD UHVWULFFLyQ LPSRQH TXH
SDUDFXDOTXLHU VXEVHFXHQFLDGHTLYHKtFXORVFRQVHFXWLYRVHQ
ODOtQHDFRPRPi[LPRSLGHHOORVSXHGHQUHTXHULURL
U9[2o^`GHILQHORVUHTXLVLWRVGHODVRSFLRQHVHVGHFLU
SDUDFDGDYHKtFXORYM9\SDUDFDGDRSFLyQRL2UML VLRL
VHGHEHLQVWDODUHQYM\UML HQFDVRFRQWUDULR

 J.J. Areal et al. / Revista Iberoamericana de Automática e Informática industrial 10 (2013) 159–169 161
(O REMHWLYR FRQVLVWH HQ GHILQLU HO RUGHQ GH ORV YHKtFXORV GH
HQWUH ORV GHO FRQMXQWR GH ORV TXH VHUiQ SURGXFLGRV 9 HQ XQD
VHFXHQFLDGHWHUPLQDGDHVWDEOHFLHQGRGHHVWHPRGRHORUGHQHQHO
FXDOSDVDUiQDORODUJRGHODSODQWDGHIDEULFDFLyQ(OSUREOHPDGH
ODGHFLVLyQFRQVLVWHHQODE~VTXHGDGHXQDVHFXHQFLDTXHVDWLVIDJD
WRGDVODVUHVWULFFLRQHVGHFDSDFLGDGPLHQWUDVTXHHOSUREOHPDGH
OD RSWLPL]DFLyQ LPSOLFD HO HQFRQWUDU XQD VHFXHQFLD GH FRVWH
PtQLPDGRQGH OD IXQFLyQGHFRVWH HYDO~D ODV YLRODFLRQHVGH ODV
UHVWULFFLRQHV
(VWHWUDEDMRXWLOL]DFRPRSXQWRGHSDUWLGDXQRGHORVFDVRV\D
HPSOHDGRV SRU'HODYDO 2KO *HQWLQD \ <YDUV  TXH WUDWD
GHO RUGHQDPLHQWR GH XQD VHFXHQFLD GH  YHKtFXORV FRQ 
RSFLRQHV(VWDOLVWDLGHDOGHYHKtFXORVUHVSHWDODGLVWDQFLDPtQLPD
SDUD FDGD RSFLyQ UHVWULFWLYD \ HVWi FRQVWUXLGD GH IRUPD TXH
SUHVHQWH XQ FRVWH QXOR (Q HVWD VHFXHQFLD ORV HVSDFLDPLHQWRV
PtQLPRV DFHSWDEOHV SDUD FDGD RSFLyQ OLPLWDWLYD GH FDGD FULWHULR
VRQYDORUHVHQWHURV
$PRGRGHHMHPSOROD7DEODPXHVWUDXQDSDUWHGHHVWDOLVWD
LGHDOFRUUHVSRQGLHQWHDORVSULPHURVYHKtFXORVGHXQWRWDOGH
GRQGHXQ³´LQGLFDODSUHVHQFLDGHXQDRSFLyQ\XQ³´VX
DXVHQFLD
3XHGHYHUVHHQOD7DEODTXHSDUDODRSFLyQKD\WUHVFHURV
YHKtFXORV\HQWUHGRVXQRVYHKtFXORV\HVGHFLUKD\
WUHV YHKtFXORV VLQ OD RSFLyQ OLPLWDWLYD HQWUH GRV TXH Vt OD
SUHVHQWDQ/DGLVWDQFLDVHGHILQHFRPRHOQ~PHURGHYHKtFXORVVLQ
ODRSFLyQOLPLWDWLYDHQHVWHFDVRGHYDORU'HIRUPDVLPLODUOD
GLVWDQFLDPtQLPD SDUD OD RSFLyQ  HV GRVPLHQWUDV TXH SDUD OD
RSFLyQHVXQR
7DEOD/LVWDSDUFLDOGHYHKtFXORVDQWHVGHODPH]FODDOHDWRULD
2UGHQ
9HKtFXOR
2SFLyQ
         
          
          
          
          
          
          
          
          
          
          
«          

/D7DEODPXHVWUD ODVGLVWDQFLDVPtQLPDVSDUD FDGDRSFLyQ
PLHQWUDV TXH OD )LJXUD  DUULED VHFXHQFLD LGHDO UHSUHVHQWD GH
IRUPDJUiILFD ORVHVSDFLDPLHQWRV LGHDOHVSDUDHOFULWHULRRSFLyQ
RFKR (Q HO HMH \ GH ORV JUiILFRV GH OD ILJXUD VH UHSUHVHQWD HO
HVSDFLDPLHQWRGRVSDUDHOFDVRGHODRSFLyQPLHQWUDVTXHHQ
HO HMH [ VH QXPHUDQ HQ VHFXHQFLD ODV VXFHVLYDV GLVWDQFLDV HQWUH
YHKtFXORVTXHSUHVHQWDQODRSFLyQOLPLWDWLYD(VWDUHSUHVHQWDFLyQ
JUiILFD DXQTXH HQ HO FDVR GH OD VHFXHQFLD LGHDO HV SRFR
VLJQLILFDWLYDVLHPSUHSODQDVtTXHDSRUWDUiPiVLQIRUPDFLyQDOR
ODUJR GHO HVWXGLR \D TXH SHUPLWLUi YHU FRPR ODV VHFXHQFLDV ³QR
LGHDOHV´ )LJXUD  FHQWUR \ DEDMR VHFXHQFLD FDGHQFLDGD VH
DFHUFDQ D OD LGHDO \ HO FRPSRUWDPLHQWR HQ SXQWRV VLJQLILFDWLYRV
FRPRHOFRPLHQ]R\ILQDOGHODVHFXHQFLDGHYHKtFXORV
7DEOD'LVWDQFLDPtQLPDSDUDFDGDRSFLyQ
2SFLyQ          
'LVWDQFLD
PtQLPD
         


)LJXUD  $UULED HVSDFLDPLHQWRV GH OD VHFXHQFLD LGHDO RSFLyQ  &HQWUR
HVSDFLDPLHQWRVGHODVHFXHQFLDLQLFLDOGHSDUWLGDRSFLyQ$EDMRVHFXHQFLD
FDGHQFLDGDRSFLyQFULWHULR
(VWD OLVWD LGHDOGHYHKtFXORVGHVSXpVGHKDEHUVLGRPH]FODGD
GH IRUPD DOHDWRULD FRQVWLWX\H OD VHFXHQFLD LQLFLDO TXH VHUi
XWLOL]DGD FRPR UHIHUHQFLD SDUD HYDOXDU OD FRQYHUJHQFLD GH ORV
DOJRULWPRV (Q OD 7DEOD  VH PXHVWUDQ ORV YDORUHV GH WRGRV ORV
FULWHULRVGHORVSULPHURVRFKRYHKtFXORVGHHVWDVHFXHQFLDLQLFLDO
GHVRUGHQDGD
&RPRHMHPSOR OD)LJXUD FHQWURPXHVWUD ODGLVWDQFLDSDUD
XQDGHODVGLH]RSFLRQHVRSFLyQGHODVHFXHQFLDLQLFLDOXQDYH]
GHVRUGHQDGD/DVGLVWDQFLDVLQVWDQWiQHDVSDUDODRSFLyQFULWHULR
VRQPX\ YDULDEOHV HQ OD VHFXHQFLDPH]FODGD GH IRUPD DOHDWRULD
/RV  YHKtFXORV TXH SUHVHQWDQ HVWD RSFLyQ OLPLWDWLYD QR HVWiQ
GLVWULEXLGRV XQLIRUPHPHQWH HQWUH ORV  YHKtFXORV GH OD OLVWD
FRQ YDORUHV SRU HQFLPD \ SRU GHEDMR GH OD GLVWDQFLDPtQLPD GH
YDORU
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7DEOD1XHYDOLVWDSDUFLDOGHVSXpVGHODPH]FODDOHDWRULD
2UGHQ
9HKtFXOR
2SFLyQ
         
          
          
          
          
          
          
          
          
«          

/D UHSUHVHQWDFLyQ JUiILFD GH OD )LJXUD  FHQWUR VH
FRUUHVSRQGH FRQ OD VHFXHQFLD VLJXLHQWH
« HQ OXJDU GHO RUGHQDPLHQWR
ySWLPR « FX\D UHSUHVHQWDFLyQ JUiILFD VHUtDQ
GLVWDQFLDVLJXDOHVGHYDORU
(Q OD)LJXUD VHSUHVHQWDXQDFRPSDUDWLYDSDUD HO FULWHULR
TXHPXHVWUD HO HVSDFLDPLHQWR LGHDO DUULED HO HVSDFLDPLHQWRGH
ODOLVWDREWHQLGDGHGHVRUGHQDGDGHIRUPDDOHDWRULDODOLVWDDQWHULRU
\ TXH FRQVWLWX\H OD OLVWD GH HQWUDGD D ORV DOJRULWPRV GH
RSWLPL]DFLyQFHQWUR\HOHVSDFLDPLHQWRREWHQLGRWUDVRUGHQDUOD
OLVWD DQWHULRU FRQ XQ PpWRGR GH VHFXHQFLDPLHQWR DEDMR (Q OD
ILJXUDWDPELpQVHSUHVHQWDHOLQLFLRGHFDGDXQDGHODVVHFXHQFLDV
DQWHULRUHVSDUDHOFULWHULRHQIRUPDWR\DVtFRPRHOYDORUGH
OD IXQFLyQ GH FRVWH&BFDG LQWURGXFLGD HQ OD VHFFLyQ  SDUD
FDGDXQDGHODVWUHVVHFXHQFLDVGHOFULWHULR
/DVIXQFLRQHVGHFRVWHVLUYHQSDUDHYDOXDUGHIRUPDQXPpULFD
OD ERQGDG GH XQD VHFXHQFLD 6H KDQ XWLOL]DGR KLVWyULFDPHQWH
GLIHUHQWHV H[SUHVLRQHV UHODFLRQDGDV FRQ ORV UHVSHFWLYRVPpWRGRV
GH RSWLPL]DFLyQ 6ROQRQ HW DO  (Q OD VHFFLyQ  VH
SUHVHQWDQ DOJXQDV GH HOODV MXQWR FRQ OD QXHYD IXQFLyQ GH FRVWH
&QHVWL $UHDO HW DO D GHVDUUROODGD HQ HO PDUFR GH HVWH
HVWXGLR$UHDOEFRPRPHMRUDGHODVDQWHULRUHVSDUDHOFDVR
GHOVHFXHQFLDPLHQWRGHYHKtFXORV
/D)LJXUDUHVDOWDFyPRHQODVHFXHQFLDGHVRUGHQDGDPHGLR
VH KD GHJUDGDGR GH IRUPD LPSRUWDQWH HO HVSDFLDPLHQWR \ KD
SURYRFDGR XQ FRVWH&BFDG QR QXOR $O HPSOHDU XQ PpWRGR GH
RUGHQDPLHQWR VREUH OD VHFXHQFLD DQWHULRU VH REWLHQH RWUD
VHFXHQFLD FDGHQFLDGD FX\RV HVSDFLDPLHQWRV KDQ PHMRUDGR
WHQGLHQGR DO HVSDFLDPLHQWR DFHSWDEOH GH OD VHFXHQFLD LGHDO
$VLPLVPRHOFRVWH&BFDGVHKDUHGXFLGR
/DILJXUDPXHVWUDXQDFRPSDUDWLYDGHXQVRORFULWHULRSHURHQ
ODSUiFWLFDHOSUREOHPDDEDUFDWRGRVORVFULWHULRVGHODVHFXHQFLDD
RUGHQDU\HOREMHWLYRGHORUGHQDPLHQWRHVDOLVDUHOHVSDFLDPLHQWR
GHWRGRVHOORV

 $OJRULWPRV*UHHG\0pWRGR*RDO&KDVLQJ
(O HQIRTXH 259 2XWSXW 5DWH 9DULDWLRQ 0LOWHQEXUJ \
6LQQDPRQ  HVWi SHQVDGR SDUD UHVROYHU HO SUREOHPD GH
VHFXHQFLDPLHQWR GH ORV VLVWHPDV GH SURGXFFLyQ PXOWLPRGHOR \
PXOWLQLYHOPHGLDQWHHODOLVDGRGHODVWDVDVGHSURGXFFLyQGHORV
SURGXFWRV ILQDOHV \ WDPELpQ GH ODV WDVDV GH FRQVXPR GH ORV
GLYHUVRV VXEFRQMXQWRV \ HOHPHQWRV HPSOHDGRV HQ ODV HWDSDV
SUHYLDVGHOVLVWHPDGHIDEULFDFLyQ3DUDHOSUREOHPDGHO259VH
KDQ XWLOL]DGR KHXUtVWLFDV PX\ YDULDGDV  VLPXODWHG DQQHDOLQJ
&KHZHWDO;LDRER\=KRX%ULDQWHWDO
DOJRULWPRVJHQpWLFRV:DUZLFN\7VDQJ3RQQDPEDODPHW
DO  =LQIORX HW DO  VHLV KHXUtVWLFDV JORWRQDV
SURSXHVWDV SRU *RWWOLHE *RWWOLHE HW DO  PpWRGR *RDO
&KDVLQJ 0RQGHQKHXUtVWLFDVGH0LOWHQEXUJ 0LOWHQEXUJ
\ 6LQQDPRQ  PpWRGRV %UDQFKDQGERXQG 'UH[O HW DO
 HWF 8QD FRPSDUDWLYD GHO FRPSRUWDPLHQWR GH HVWRV
PpWRGRV SDUD HO SUREOHPD GHO VHFXHQFLDPLHQWR GH YHKtFXORV
SXHGHHQFRQWUDUVHHQ$UHDOE
$OJRULWPRV*UHHG\
/DHVWUDWHJLDGHXQDOJRULWPR*UHHG\HVTXHHQFDGDXQDGHODV
HWDSDVVHGHEHWUDWDUGHKDFHUORPHMRUTXHVHSXHGDKDFHUHQHVH
PRPHQWR\SDUDHYDOXDU ORVSRVLEOHVPRYLPLHQWRVHQFDGDSDVR
GHO DOJRULWPR VH WLHQHQ HQ FXHQWD GHFLVLRQHV WRPDGDV HQ SDVRV
DQWHULRUHV (VWR SHUPLWH UHSUHVHQWDU FDGD VROXFLyQ FRPR XQD
HVWUXFWXUDREWHQLGDGHIRUPDLQFUHPHQWDODSDUWLUGHXQDVLWXDFLyQ
LQLFLDO GRQGH FDGD QXHYR HOHPHQWR VH HOLJH GH XQ FRQMXQWR GH
SRVLEOHVFDQGLGDWRV3DUDHOORVHGHEHFRQWDUFRQXQDIXQFLyQTXH
HYDO~HODERQGDGGHDxDGLUFDGDFRPSRQHQWHHVSHFtILFRFXLGDQGR
DGHPiV TXH OD VXEHVWUXFWXUD UHVXOWDQWH IRUPH SDUWH GH XQD
VROXFLyQIDFWLEOH'tD]HWDO
'HVGH HVWH SXQWR GH YLVWD VH SXHGHQ FRQVLGHUDU FRPR
DOJRULWPRV *UHHG\ WDQWR ODV KHXUtVWLFDV GH 0LOWHQEXUJ
0LOWHQEXUJ \ 6LQQDPRQ  FRPR HO PpWRGR *RDOFKDVLQJ
0RQGHQ
0pWRGR*RDOFKDVLQJ
7DQWR ODV KHXUtVWLFDV GH 0LOWHQEXUJ FRPR HO PpWRGR *RDO
FKDVLQJ IXHURQ GHVDUUROODGRV SDUD UHVROYHU HO SUREOHPD GH
VHFXHQFLDPLHQWR GH ORV VLVWHPDV GH SURGXFFLyQ PXOWLPRGHOR \
PXOWLQLYHO(OWpUPLQRPXOWLPRGHORVHDSOLFDDODSURGXFFLyQGH
XQD VHULH GH SURGXFWRV GLIHUHQWHV SHUR TXH JXDUGDQ XQD JUDQ
VLPLOLWXGHQWUHORVHOHPHQWRVTXHORVFRPSRQHQ\TXHHOWpUPLQR
PXOWLQLYHOGHVLJQDXQDHVWUXFWXUDFLyQSRUFDSDVRHVWUDWRVHQWUH
ORVGLIHUHQWHVHOHPHQWRVTXHFRPSRQHQHOSURGXFWR(OSURGXFWR
QLYHO  HVWDUi FRPSXHVWR SRU XQD VHULH GH VXEFRQMXQWRV QLYHO
ORVFXDOHVDVXYH]HVWiQLQWHJUDGRVSRUFRPSRQHQWHVQLYHO
)LQDOPHQWH ORV FRPSRQHQWHV HVWiQ IRUPDGRV SRU YDULDVPDWHULDV
SULPDVQLYHO
(Q XQ VLVWHPD GH IDEULFDFLyQ -,7 -XVWLQ7LPH WRGRV ORV
VXEFRQMXQWRV FRPSRQHQWHV \ PDWHULDV VLJXHQ HO GLFWDGR GHO
VHFXHQFLDPLHQWR GH ORV SURGXFWRV SRU HOOR HV OD OtQHD GH
HQVDPEODGR ILQDO OD TXH SRVHH HO FRQWURO \ GHWHUPLQD HO
VHFXHQFLDPLHQWR GH ORV RWURV QLYHOHV LQIHULRUHV 8QR GH ORV
JUDQGHV REMHWLYRV GH XQ VLVWHPD -,7 HV TXH OD FDQWLGDG GH
XQLGDGHV GH FDGD HOHPHQWR \D VHDQ SURGXFWRV VXEFRQMXQWRV
FRPSRQHQWHVRPDWHULDVFRQVXPLGDVSRUXQLGDGGHWLHPSRSRUHO
VLVWHPD GH SURGXFFLyQ VH PDQWHQJD WDQ SUy[LPD D XQ YDORU
FRQVWDQWHFRPRVHDSRVLEOH0LOWHQEXUJ\6LQQDPRQ
(OPpWRGR*RDOFKDVLQJ*&0FRQVLGHUDVRORODYDULDELOLGDG
HQ HO QLYHO GH VXEFRQMXQWR QLYHO  DXQTXH HVWp GLVHxDGR SDUD
VLVWHPDV GH  SURGXFFLyQ FRQ GRV QLYHOHV QLYHOHV  \  (O
REMHWLYR GH HVWH PpWRGR HV VHOHFFLRQDU SDUD FDGD HWDSD N HO
SURGXFWRLFRQHOPHQRUYDORUGH
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(O*&0SXHGHH[WHQGHUVHDPiVQLYHOHV/DIXQFLyQREMHWLYR
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M  ± Q~PHUR GHO QLYHO  SURGXFWR  VXEFRQMXQWR 
FRPSRQHQWHPDWHULD
MQ  ± Q~PHUR GH HOHPHQWRV GLIHUHQWHV HQ HO QLYHO M
M 
LG ±GHPDQGDSDUDHOSURGXFWRLL  Q 
LMOW ±Q~PHURGHXQLGDGHVGHOHOHPHQWRLHQHOQLYHOM
QHFHVDULDV SDUD SURGXFLU XQD XQLGDG GH
SURGXFWROL  MQ M O 
 Q 

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  ± GHPDQGD WRWDOGHSURGXFFLyQHQ
HOQLYHOMM 

(O VHFXHQFLDPLHQWR HV OD OLVWD RUGHQDGD GH ORV SURGXFWRV D
IDEULFDU(VWiFRQVWLWXLGRGH'7HWDSDVFRQVHFXWLYDVDFDGDXQD
GHODVFXDOHVVHDVLJQDXQSURGXFWRGHWHUPLQDGR\VHUHSUHVHQWD
SRUODVYDULDEOHVVLJXLHQWHV

NL[  ±   Q~PHUR GH XQLGDGHV GHO SURGXFWR L UHDOL]DGDV
GXUDQWHODVNSULPHUDVHWDSDV
¦
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

Q
K
NKLMKLMN [W[ ±Q~PHURGHXQLGDGHVGHOHOHPHQWR
L HQ HO QLYHO M SURGXFLGDV HQ ODV N SULPHUDV
HWDSDV

3RU~OWLPR ODVYDULDEOHVZM M VRQXWLOL]DGDVSDUD
DMXVWDUODLPSRUWDQFLDUHODWLYDGHFDGDQLYHOHQVXFRQWULEXFLyQDO
FRVWHGHOVHFXHQFLDPLHQWR(QHOFDVRGH*&0Z Z Z 
Z 
(O DOJRULWPR VH GHVFULEH D FRQWLQXDFLyQ HQ IRUPD GH
SVHXGRFyGLJR

6HOHFFLRQDUHOQ~PHURGHHOHPHQWRVGLIHUHQWHVHQHOQLYHO
,QLFLDOL]DUORVSHVRVGLIHUHQWHVSDUDFDGDQLYHO
6HOHFFLRQDUODGHPDQGDSDUDFDGDSURGXFWR
6HOHFFLRQDUHOQ~PHURGHXQLGDGHVGHOHOHPHQWRLHQHOQLYHO
QHFHVDULDVSDUDSURGXFLUXQDXQLGDGGHOSURGXFWRO

 QQ
 Z Z Z Z 
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 3$5$L +$67$QM+$&(5
 $FWXDOL]DU[LMNVHKDHOHJLGR[LBPLQN
 ),13$5$
 ),13$5$
),13$5$
)XQFLRQHVGHFRVWH
/DV IXQFLRQHV GH FRVWH VH HPSOHDQ SDUD FRPSDUDU ORV
UHVXOWDGRV JHQHUDGRV SRU ORVPpWRGRV GH VHFXHQFLDPLHQWR 3DUD
SUREOHPDVGHQDWXUDOH]DFRPRORVWUDWDGRVHQHVWHHVWXGLRVHKDQ
YHQLGR XWLOL]DQGR WUDGLFLRQDOPHQWH GLIHUHQWHV H[SUHVLRQHV
UHODFLRQDGDV FRQ ORV UHVSHFWLYRVPpWRGRV GH RSWLPL]DFLyQ FRPR
0LOWHQEXUJ 0LOWHQEXUJ \ 6LQQDPRQ  *RDOFKDVLQJ
0RQGHQH,QPDQ,QPDQ\%XOILQ

*RDOFKDVLQJ 

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6L B  ! MNM RSWYDO$1'[ 
   HQFDVRFRQWUDULR
GRQGH
YDOBRSW YHFWRU GH HVWLPDFLyQ GH
DSDULFLyQGHFULWHULRV
DFFBGLV YHFWRU GH HVSDFLDPLHQWR
DFHSWDEOHGHFULWHULRV

/D7DEODPXHVWUDXQDFRPSDUDWLYDGHOFRPSRUWDPLHQWR GH
ODV IXQFLRQHV GH FRVWH DQWHULRUHV UHVSHFWR D FDUDFWHUtVWLFDV
UHOHYDQWHV SDUD HO SUREOHPD GHO VHFXHQFLDPLHQWR GH VLVWHPDV GH
SURGXFFLyQ PXOWLPRGHOR \ PXOWLQLYHO (O HVWXGLR GHWDOODGR GH
HVWDWDEOD\VXJpQHVLVSXHGHHQFRQWUDUVHHQ$UHDOE
7DEOD 9HFWRUHVGHSHVRVSUHGHWHUPLQDGRV
)XQFLyQ
FRVWH
,QGHSHQGHQFLD
RULJHQWLHPSRV
VHFXHQFLD
6HJXLPLHQ
WRFRQVXPR
FRQVWDQWHHQ
HOWLHPSR
,JXDOGDG
WUDWDPLHQWR
HVSDFLD
PLHQWRVDOWRV
\EDMRV
5REXVWH]
SHQDOL]D
FLyQ
HVSDFLD
PLHQWR
XQLGDG


*RDO
&KDVLQJ


%DMD

$OWD

$OWD

%DMD
0LWHQEXUJ

0HGLD %DMD %DMD %DMD
,QPDQ

%DMD $OWD 0HGLD 0HGLD
FBFDG

$OWD 0HGLD 0HGLD %DMD

'HOD7DEODVHGHGXFHTXHQLQJXQDGHODVIXQFLRQHVGHFRVWH
DQDOL]DGDV SURSRUFLRQD XQ FRPSRUWDPLHQWR DGHFXDGR UHVSHFWR D
WRGDV ODVFDUDFWHUtVWLFDVSRU ORTXHVXUJHODQHFHVLGDGGHGHILQLU
XQ QXHYR LQGLFDGRU TXH ODV VDWLVIDJD (Q HVWD SXEOLFDFLyQ VH
HPSOHDUi ODXQQXHYR LQGLFDGRUGHQRPLQDGR&QHVWLGHVDUUROODGR
SRU ORV DXWRUHV $UHDO HW DO D$UHDO E (VWH VH
GHVDUUROOD D SDUWLU GH YDORUHV HVWDGtVWLFRV FRPR OD PHGLD \ OD
GHVYLDFLyQHVWiQGDUTXHWLHQHHQFXHQWDSRULJXDODORVGLIHUHQWHV
FULWHULRV
(QSULPHU OXJDU VHGHILQHXQ LQGLFDGRUGH FRVWHSDUDXQVROR
FULWHULR GLFKR LQGLFDGRU GHEHUi VHU PHQRU FXDQWR PHMRU VHD HO
HVSDFLDPLHQWR
/DGHVYLDFLyQHVWiQGDUGHOHVSDFLDPLHQWRHVXQDEXHQDPHGLGD
GH OD GLVSHUVLyQ SHUR SDUD SRGHU FRPSDUDUOD FRQ OD GH RWURV
FULWHULRV HV QHFHVDULR HTXLSDUDUOD GH DOJ~Q PRGR 3DUD HOOR VH
SURFHGH D FDOFXODU HO FRFLHQWH HQWUH OD GHVYLDFLyQ HVWiQGDU \ OD
PHGLDDULWPpWLFDGHORVYDORUHVGHHVSDFLDPLHQWR'HHVWDIRUPD
VHWLHQHXQDLQGLFDFLyQGHODGLVSHUVLyQGHODPXHVWUDFRQUHODFLyQ
DODPHGLD
L
V
L VF
L
V     
9ROYLHQGRDOFDVRUHDOTXHQRVRFXSDGHHTXLHVSDFLDPLHQWRGH
FULWHULRV SDUD XQ PLVPR YDORU GHO UDWLR GHVYLDFLyQ HVWiQGDU 
PHGLDODUHSHUFXVLyQHQODOtQHDGHSURGXFFLyQVHUiGLVWLQWDVHJ~Q
HOQ~PHURGHSURGXFWRVDORVTXHDIHFWH3DUDWHQHUHQFXHQWDHVWH
HIHFWR VH DxDGH XQ IDFWRU GH PXOWLSOLFDFLyQ TXH UHSUHVHQWD HO
Q~PHURGHHVSDFLDPLHQWRVGHOFULWHULR
 
L
V
LL VGF
L
V c     
)LQDOPHQWH VH IRUPDOL]D HO LQGLFDGRU TXH WLHQH HQ FXHQWD D
WRGRVORVFULWHULRV

 ¦
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6
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L
V 
GRQGH
Q Q~PHURGHRSFLRQHVGLIHUHQWHV
GLGHPDQGDGHSURGXFFLyQSDUDODRSFLyQL
L6V GHVYLDFLyQHVWiQGDUGHODGLVWDQFLDGHODRSFLyQL
L6 PHGLDDULWPpWLFDGHODGLVWDQFLDGHODRSFLyQL

(VWD IXQFLyQ SUHVHQWD XQ EXHQ FRPSRUWDPLHQWR IUHQWH D
FDUDFWHUtVWLFDV LPSRUWDQWHVGHXQDIXQFLyQGHFRVWHFRPRVRQ OD
LQGHSHQGHQFLD GHO RULJHQ GH WLHPSRV GH OD VHFXHQFLD HO
VHJXLPLHQWR GHO FRQVXPR FRQVWDQWH GH FDGD HOHPHQWR GH
SURGXFFLyQ OD LQGHSHQGHQFLD GHO YDORU GH GLVWDQFLD GH FDGD
RSFLyQ\ODUREXVWH]SDUDODVRSFLRQHVFRQGLVWDQFLDXQLGDG$UHDO
HWDOE
&XDQGR VH DSOLFD OD IXQFLyQ GH FRVWH D OD OLVWD PH]FODGD GH
IRUPD DOHDWRULD XWLOL]DGD HQ HVWH HVWXGLR VH REWLHQH XQ FRVWH
&QHVWLGHYDORUIUHQWHDXQFRVWH&QHVWLVLVHFDOFXODVH
FRQODVVHFXHQFLDVLGHDOHVDQWHVGHGHVRUGHQDU

 0HMRUDVGHOPpWRGR*RDO&KDVLQJLQWURGXFFLyQGHSHVRV
GLIHUHQWHVSDUDFDGDRSFLyQ
(Q HO PRGHOR GHO PpWRGR *&0 HQXQFLDGR DQWHULRUPHQWH HV
SRVLEOH GLIHUHQFLDU OD LPSRUWDQFLD UHODWLYD GH FDGD QLYHO HQ VX
FRQWULEXFLyQDOFRVWHGHOVHFXHQFLDPLHQWRWRWDO6LQHPEDUJRQR
VH HQXQFLD QLQJ~Q PHFDQLVPR SDUD GLIHUHQFLDU OD LPSRUWDQFLD
UHODWLYD GH FDGD RSFLyQGHQWUR GHO QLYHO  HQ VX FRQWULEXFLyQ DO
FRVWH GHO VHFXHQFLDPLHQWR WRWDO /D UD]yQ GH VHU GH HVWH QXHYR
YHFWRUYDULDEOHGHSHVRVGLIHUHQWHVSDUDFDGDRSFLyQUHVLGHHQOD
QHFHVLGDG GH SULRUL]DU OD FDGHQFLD GH DOJXQDV RSFLRQHV IUHQWH D
RWUDV'iQGROHPiVSHVRDDOJXQDVGHHOODVHVSRVLEOHREWHQHUXQ
PHMRUUHVXOWDGRSDUDODVPLVPDVSHURKD\TXHWHQHUHQFXHQWDOD
GHJUDGDFLyQJHQHUDGDHQODVRWUDV
$ FRQWLQXDFLyQ VH UHSURGXFH OD H[SUHVLyQ SDUD HO PpWRGR
*&0 PRGLILFDGR FRQ OD LQWURGXFFLyQ GHO YHFWRU GH SHVRV GH
RSFLRQHVSHQBRSWO

  > @¦
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5HVWD DKRUD OD WDUHD GH GHILQLU HO PRGR GH DVLJQDFLyQ GH
YDORUHV QXPpULFRV D FDGD XQR GH ORV SHVRV SDUD FDGD SUREOHPD
FRQFUHWR 6H SURSRQHQ D FRQWLQXDFLyQ FXDWUR PpWRGRV SDUD HO
FiOFXORGHHVWRVYHFWRUHV
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(QSULPHU OXJDU\FRPRUHIHUHQFLDVHPDQWHQGUiHOYHFWRUGH
SHVRVGHYDORUXQLGDG(QVHJXQGROXJDUVHHPSOHDUiXQYHFWRUGH
SHVRV GH RSFLRQHV GRQGH FDGD FRPSRQHQWH WRPDUi HO YDORU
LQYHUVRDOHVSDFLDPLHQWRDFHSWDGRGHODRSFLyQ

BB OGLVDFFORSWSHQ  

(Q WHUFHU OXJDU VH HPSOHDUi XQ YHFWRU GH SHVRV GH RSFLyQ
GRQGHORVFRHILFLHQWHVVyORSXHGHQWRPDUWUHVYDORUHV[ \[
/D DVLJQDFLyQ GH SHVRV GH RSFLRQHV PD\RUHV VH UHDOL]D
LQYHUVDPHQWH DO HVSDFLDPLHQWR DFHSWDEOH GH RSFLyQ &RQ HVWH
YHFWRUVHFUHDQWUHVWLSRVGHRSFLRQHV

 8QDRSFLyQSULQFLSDOTXHHV~QLFD\FX\RSHVR[HVLJXDOD
ODVXPDGHORVSHVRVGHODVGRVRSFLRQHVLPSRUWDQWHV
 'RVRSFLRQHV LPSRUWDQWHVTXHSUHVHQWDQLJXDOSHVR[\GH
YDORUPD\RUTXHODVXPDGHOSHVRGH  WRGDV ODVRSFLRQHVGH
EDVH
 /DV RSFLRQHV GH EDVH IRUPDGDV SRU HO UHVWR GH RSFLRQHV
WRGDVGHLJXDOSHVR\YDORUXQLGDG
 (QFXDUWROXJDUVHHPSOHDUiXQYHFWRUGHSHVRVGHRSFLRQHV
GRQGH ORV FRHILFLHQWHV WRPDQ YDORUHV GHFUHFLHQWHV /D
DVLJQDFLyQ GH SHVRV GH RSFLRQHV PD\RUHV VH UHDOL]D
LQYHUVDPHQWHDOHVSDFLDPLHQWRDFHSWDEOHGHRSFLyQ&RQHVWH
YHFWRUVHFUHDQGRVWLSRVGHRSFLRQHV

 8QDRSFLyQSULQFLSDOTXHHV~QLFD\FX\RSHVRLJXDODO
Q~PHURGHRSFLRQHVHVPD\RUTXHODVXPDGHOSHVRGHO
UHVWRGHRSFLRQHV
 /DV RSFLRQHV VHFXQGDULDV TXH YDQ WRPDQGR YDORUHV
GHFUHPHQWDGRV SURJUHVLYDPHQWH D SDUWLU GHO YDORU
XQLGDG3DUDHYLWDUTXHH[LVWDXQDVRODRSFLyQFRQYDORU
PtQLPR ODV GRV ~OWLPDV RSFLRQHV WRPDUiQ HO PLVPR
YDORUGHSHVR

(Q OD 7DEOD  VH PXHVWUDQ ORV FXDWUR YHFWRUHV GH SHVRV
SUHGHWHUPLQDGRVSDUDHOFDVRGHORUGHQDPLHQWRGHODOLVWDGH
YHKtFXORV
7DEOD 9HFWRUHVGHSHVRVSUHGHWHUPLQDGRV
2SFLyQ          

'LVWDQFLD
PtQLPD

         

3HQBRSW

         

3HQBRSW

         

3HQBRSW

         

3HQBRSW          


/D 7DEOD  PXHVWUD ORV UHVXOWDGRV REWHQLGRV VL VH DSOLFD HO
PpWRGR *RDOFKDVLQJ FRQ FDGD XQR GH ORV FXDWUR YHFWRUHV GH
SHVRV SUHGHWHUPLQDGRV SDUD VHFXHQFLDU OD OLVWD LQLFLDO GH 
YHKtFXORV GHVRUGHQDGD GH IRUPD DOHDWRULD (O HPSOHR GH *RDO
FKDVLQJFRQSHVRVGHRSFLRQHVXQLGDGSUHVHQWDXQFRVWHGH
TXHUHSUHVHQWDDSUR[LPDGDPHQWHXQGHOFRVWH&QHVWLGHOD
VHFXHQFLDGHVRUGHQDGD
7DEOD 5HVXOWDGRVGHFRVWHSDUDODOLVWDGHVRUGHQDGDPpWRGR*RDOFKDVLQJ
FRQSHVRVGHRSFLRQHVGLIHUHQWHV
3HVRVGHRSFLRQHV &RVWH
&QHVWL

/LVWD,GHDO

 

/LVWD
GHVRUGHQDGD

 

/LVWDRUGHQDGD
*&0

>@ 

/LVWDRUGHQDGD
*&0

DFFBGLV 
/LVWDRUGHQDGD
*&0

>@ 

/LVWDRUGHQDGD
*&0
>@ 


/RV RWURV WUHV YHFWRUHV SURSXHVWRV PHMRUDQ OLJHUDPHQWH HO
UHVXOWDGR REWHQLGR DQWHULRUPHQWH DOFDQ]DQGR XQ  SDUD HO
FDVRGHOYHFWRUGHSHVRVGHRSFLRQHVGRQGHORVFRHILFLHQWHVWRPDQ
HOYDORULQYHUVRDOHVSDFLDPLHQWRDFHSWDEOHGHODRSFLyQ
(QHVWHDUWtFXORVHHPSOHDUiHOPpWRGR*&0FRQGRVQLYHOHV
PRGLILFDGR SDUD LPSHGLU HO VHFXHQFLDPLHQWR GH XQ SURGXFWR
GHWHUPLQDGR XQD YH] TXH VX GHPDQGD KD VLGR VDWLVIHFKD $O
DSOLFDUHVWHPpWRGRVREUH OD OLVWDGHVRUGHQDGDGHYHKtFXORV
HOYDORUGHODIXQFLyQGHFRVWH&QHVWLSDUDODVHFXHQFLDUHVXOWDQWH
HVGH

 *RDOFKDVLQJFRQRSWLPL]DFLyQ1HOGHU0HDG
'HVSXpV GH KDEHUVH FRQVWDWDGR ODPHMRUtD GH ORVPpWRGRV GH
JHQHUDFLyQGH ODVHFXHQFLDSURSRUFLRQDGDSRU OD LQWURGXFFLyQGH
SHVRV GLIHUHQWHV SDUD FDGD RSFLyQ VXUJH OD SUHJXQWD GH VL VH
HVWDUiQ HPSOHDQGR ORV YHFWRUHV GH SHVRV SUHGHWHUPLQDGRV
UHDOPHQWH DGHFXDGRV (Q HVWH DSDUWDGR VH SURSRQH XQD
RSWLPL]DFLyQSURJUHVLYDGHOYHFWRUGHSHVRVGHRSFLRQHVGHILQLGR
LQLFLDOPHQWH D WUDYpV GH XQ SURFHVR LWHUDWLYR GHE~VTXHGD GHXQ
PtQLPRGHODIXQFLyQGHFRVWH
(QHVWHDUWtFXORVHKDHPSOHDGRHODOJRULWPRGH1HOGHU0HDG
1HOGHU \ 0HDG  TXH HV XQR GH ORV PpWRGRV PiV
DPSOLDPHQWH XWLOL]DGR SDUD OD RSWLPL]DFLyQ QR OLQHDO VLQ
UHVWULFFLRQHV
0pWRGR1HOGHU0HDG
(O PpWRGR GH 1HOGHU0HDG PLQLPL]D XQD IXQFLyQ QR OLQHDO
HVFDODU GH Q YDULDEOHV UHDOHV XVDQGR VRODPHQWH YDORUHV GH OD
IXQFLyQ VLQ QLQJ~Q WLSR GH LQIRUPDFLyQ GH GHULYDGDV (VWH
PpWRGR VH HQFXHQWUD GHQWUR GH OD FODVH JHQHUDO GH PpWRGRV GH
E~VTXHGD GLUHFWD 8Q DPSOLR VXEFRQMXQWR GH ORV PpWRGRV GH
E~VTXHGDGLUHFWD LQFOX\HQGR HO1HOGHU0HDGPDQWLHQH HQ FDGD
HWDSD GHO DOJRULWPR XQ ³VLPSOH[´ R ILJXUD JHRPpWULFD Q
GLPHQVLRQDOGHOLPLWDGDSRU Q YpUWLFHV
&DGDLWHUDFLyQGHXQPpWRGRGHE~VTXHGDGLUHFWDEDVDGRHQXQ
VLPSOH[ FRPLHQ]D FRQ XQ VLPSOH[ HVSHFLILFDGR SRU VXV Q
YpUWLFHV \ VXV YDORUHV GH IXQFLyQ DVRFLDGRV 3RVWHULRUPHQWH VH
FDOFXODQ XQR R PiV SXQWRV GH WHVW MXQWR FRQ VXV YDORUHV GH
IXQFLyQ \ OD LWHUDFLyQ WHUPLQD FRQ XQ QXHYR FRQMXQWR GH Q
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YpUWLFHV\VXVYDORUHVGHIXQFLyQDVRFLDGRVREWHQLGRVDSDUWLUGH
ORVSXQWRVGHWHVWFDOFXODGRV
&XDWUR SDUiPHWURV HVFDODUHV VRQ QHFHVDULRV SDUD GHILQLU XQ
PpWRGR1HOGHU0HDGFRHILFLHQWHGHUHIOH[LyQ U GHH[SDQVLyQ
 F  GH FRQWUDFFLyQ J  \ GH ³VKULQN´ V  (Q HVWH HVWXGLR VH
KDQ HPSOHDGR ORV YDORUHV XWLOL]DGRV XQLYHUVDOPHQWH /DJDULDV HW
DO

     VJFU 

/DRSHUDFLyQ6KULQNFRQVLVWHHQFDOFXODUORVQXHYRVQYpUWLFHV
LY TXHMXQWRFRQHODFWXDO [ IRUPDUiQHOQXHYRVLPSOH[
      QL[[[Y LL V 

(ODOJRULWPRVHHMHFXWDKDVWDDOFDQ]DUXQQ~PHURGHWHUPLQDGR
GH LWHUDFLRQHVRELHQKDVWDTXH ORV FRPSRQHQWHVGH ORVYpUWLFHV
GLILHUHQPHQRVTXHXQDWROHUDQFLDILMDGDGHORVFRPSRQHQWHVGHO
PHMRUYpUWLFHRELHQKDVWDTXHORVYDORUHVGHODVIXQFLRQHVSDUD
WRGRV ORV YpUWLFHV GLILHUHQ PHQRV TXH XQD WROHUDQFLD ILMDGD GHO
YDORUGHODIXQFLyQSDUDHOPHMRUYpUWLFH
$GDSWDFLRQHVDOPpWRGR1HOGHU0HDG
8QD GH ODV SDUWLFXODUL]DFLRQHV UHDOL]DGDV DO PpWRGR 1HOGHU
0HDG HQ HO FDVR GH HVWXGLR FRQVLVWH HQ OD IRUPD GH FDOFXODU HO
VLPSOH[LQLFLDODSDUWLUGHOYHFWRUGHSHVRVGHFULWHULRV(OFiOFXOR
GHO VLPSOH[ LQLFLDO VXHOH UHDOL]DUVH WRPDQGR XQ YpUWLFH GRQGH
WRGRVVXVFRPSRQHQWHVHVWiQPX\SUy[LPRVDOYHFWRULQLFLDO\ORV
Q YpUWLFHV UHVWDQWHV VH REWLHQHQ PRGLILFDQGR VRODPHQWH XQ
FRPSRQHQWHGHOYHFWRULQLFLDO

LQYDY      QYMYEYYY LQLQLQLQM  
   QM 

7UDVGLYHUVRVHVWXGLRVSDUDREWHQHUYDORUHVGHORVFRHILFLHQWHV
D \ E DSURSLDGRV $UHDO E VH KDQ UHWHQLGR ORV YDORUHV
VLJXLHQWHV  D  \  E  +DELWXDOPHQWH VH HPSOHDQ ORV
YDORUHV  D  \  E  SHUR XQ DXPHQWR GHO YDORU GHO
FRHILFLHQWHEIDFLOLWDODRSWLPL]DFLyQSDUDORVYDORUHVLQLFLDOHVGH
ORVYHFWRUHVGHSHVRVGHRSFLRQHVGHOSUREOHPDREMHWRGHHVWXGLR
2WUDPRGLILFDFLyQUHDOL]DGDFRQVLVWHHQODSURKLELFLyQGHTXH
ORV YpUWLFHV REWHQLGRV D OR ODUJR GH WRGR HO DOJRULWPR WRPHQ
YDORUHV QHJDWLYRV (O YHFWRU ILQDO UHVXOWDQWH GHO SURFHVR GH
RSWLPL]DFLyQ QR VHUtD YiOLGR GDGR TXH OD LGHD GH FRPSRQHQWH
QHJDWLYR WUDH DVRFLDGD OD GLVPLQXFLyQ GH OD IXQFLyQ GH FRVWH
FXDQWR SHRU IXHUD OD IRUPD GH FDGHQFLDU HVD RSFLyQ
FRPSRUWDPLHQWRQRGHVHDGRHQHOSUREOHPDGHO VHFXHQFLDPLHQWR
GHSURGXFWRV
$O DSOLFDU HOPpWRGR*RDOFKDVLQJSDUDGLVPLQXLU HO FRVWHGH
VHFXHQFLDPLHQWRGH OD OLVWD LQLFLDOGHYHKtFXORVGHVRUGHQDGD
GHIRUPDDOHDWRULDFRQFDGDXQRGHORVFXDWURYHFWRUHVGHSHVRV
SUHGHWHUPLQDGRV RSWLPL]DGRV FRQ HO PpWRGR 1HOGHU0HDG VH
REWLHQHQORVUHVXOWDGRVTXHVHPXHVWUDQHQOD7DEOD
7DEOD5HVXOWDGRVGHFRVWHSDUDODOLVWDGHVRUGHQDGDPpWRGR*RDOFKDVLQJ
FRQRSWLPL]DFLyQ1HOGHU0HDG
3HVRVGHRSFLRQHV &RVWH
&QHVWL
/LVWD,GHDO

 
/LVWDGHVRUGHQDGD  

/LVWDRUGHQDGD
*&010
>@ 

/LVWDRUGHQDGD
*&010

DFFBGLV 
/LVWDRUGHQDGD
*&010

>@ 

/LVWDRUGHQDGD
*&010
>@ 

'H OD 7DEOD  VH LQILHUH TXH HO HPSOHR GH *RDOFKDVLQJ
RSWLPL]DGR FRQ HO PpWRGR 1HOGHU0HDG FRQ SHVRV GH RSFLRQHV
XQLGDG SUHVHQWD XQ FRVWH GH  TXH UHSUHVHQWD
DSUR[LPDGDPHQWH XQ  GHO FRVWH &QHVWL GH OD VHFXHQFLD
GHVRUGHQDGD/DXWLOL]DFLyQGHORVSHVRVGHRSFLRQHVYDULDEOHVD
SDUWLU GH ORV RWURV WUHV YHFWRUHV GH RSFLRQHV SUHGHWHUPLQDGRV
PHMRUD OLJHUDPHQWH HO UHVXOWDGR REWHQLGR DQWHULRUPHQWH
DOFDQ]DQGRXQSDUDHOFDVRGHOYHFWRUGHSHVRVGHRSFLRQHV
FRQ FRHILFLHQWHV LQYHUVDPHQWH SURSRUFLRQDOHV DO HVSDFLDPLHQWR
DFHSWDEOH \ HO FDVR GH  ORV FRHILFLHQWHV TXH WRPDQ YDORUHV
GHFUHFLHQWHV
/D )LJXUD  PXHVWUD HO JUiILFR GH OD GLVWDQFLD LQLFLDO GH OD
RSFLyQMXQWRFRQODVGLVWDQFLDVREWHQLGDVSDUDODPLVPDRSFLyQ
DODSOLFDU*RDOFKDVLQJ\*RDOFKDVLQJFRQRSWLPL]DFLyQ1HOGHU
0HDG 3XHGH YHUVH TXH ODV VHFXHQFLDV REWHQLGDV WUDV DSOLFDU ORV
PpWRGRV GH RUGHQDPLHQWR KDQ UHGXFLGR OD GLVSHUVLyQ GH OD
GLVWDQFLDLQVWDQWiQHDGHODVHFXHQFLDLQLFLDOVLHQGR*RDOFKDVLQJ
FRQRSWLPL]DFLyQ1HOGHU0HDGHOTXHPiVVHDFHUFDDODGLVWDQFLD
PtQLPDSDUDHVWDRSFLyQ


)LJXUD'LVWDQFLDGH ODRSFLyQ OLVWD LQLFLDOGHVRUGHQDGD*RDOFKDVLQJ\
*RDOFKDVLQJFRQRSWLPL]DFLyQ1HOGHU0HDG
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 *HQHUDOL]DFLyQGHUHVXOWDGRVFRQGDWRVUHSUHVHQWDWLYRV
7HQLHQGR HQ FXHQWD TXH ORV UHVXOWDGRV SUHYLRV HVWiQ EDVDGRV
HQ XQD ~QLFD OLVWD GH UHIHUHQFLD ODV FRQFOXVLRQHV GHEHQ VHU
JHQHUDOL]DGDV 3DUD HOOR ORV FiOFXORV VH KDQ H[WHQGLGR D XQ
FRQMXQWRPiVUHSUHVHQWDWLYRGHVHFXHQFLDV8QDOLVWD LGHDOGH
YHKtFXORVKDVLGRHOSXQWRGHSDUWLGDFDGDXQRGHHOORVFRQ
RSFLRQHVODPD\RUtDGHHOODVFRQGLVWDQFLDVPtQLPDVHQWUH\
 (O FRVWH GH HVWD OLVWD LGHDO HV QXOR 1XHYDPHQWH OD OLVWD GH
HQWUDGD SDUD HO DOJRULWPR VHFXHQFLD LQLFLDO HV OD UHVXOWDQWH GH
KDEHUGHVRUGHQDGRODOLVWDLGHDOGHIRUPDDOHDWRULD
3DUD JHQHUDOL]DU ORV UHVXOWDGRV \ TXH pVWRV VHDQ PiV
HVWDGtVWLFDPHQWH VLJQLILFDWLYRV VH JHQHUDQ  VHFXHQFLDV GH
YHKtFXORV/DV ORQJLWXGHVGHODVVHFXHQFLDVJHQHUDGDVHVWDUiQHQ
HO LQWHUYDOR > @ VLHQGR HVWH UDQJR UHSUHVHQWDWLYR GH OD
FDSDFLGDGGHDFFHVRGLUHFWRSOD]DVGHODOPDFpQGHFDUURFHUtDV\
SULPHUD SRVLFLyQ GH FDGD EDUUD GH FODVLILFDFLyQ ),)2 H[LVWHQWH
HQ ODV SODQWDV GH DXWRPyYLOHV SDUD GHWHUPLQDU OD VLJXLHQWH
FDUURFHUtD HQ HQWUDU HQ HO WDOOHU GH PRQWDMH (O Q~PHUR GH
RSFLRQHV XWLOL]DGDV SDUD HO RUGHQDPLHQWR GH FDGD VHFXHQFLD VH
PRYHUiHQHO LQWHUYDOR >@ VLHQGRHVWRVYDORUHVDPELFLRVRV
HQ HO FRQWH[WR DFWXDO GH OD IDEULFDFLyQ GH DXWRPyYLOHV
)LQDOPHQWH ODV GLVWDQFLDV PtQLPDV SDUD FDGD RSFLyQ HVWDUiQ
FDOFXODGDV HQ HO LQWHUYDOR > @ FRUUHVSRQGLHQWH D ORV YDORUHV
PiVFRP~QPHQWHREWHQLGRVHQODSUiFWLFD
(QHOPXQGRLQGXVWULDOGHODIDEULFDFLyQGHDXWRPyYLOHVQRVH
SXHGHDVHJXUDUTXHSDUDXQKRUL]RQWHGHSURGXFFLyQGDGRH[LVWD
XQRUGHQDPLHQWRGHYHKtFXORVGHFRVWHFHUR&RQHOILQGHREWHQHU
XQD PD\RU UHSUHVHQWDWLYLGDG GHO HQWRUQR LQGXVWULDO HQ OXJDU GH
FRQVWUXLU  OLVWDV LQLFLDOHV FRQ FRVWH QXOR \ SRVWHULRUPHQWH
GHVRUGHQDUGH IRUPDDOHDWRULD ORVYHKtFXORVGHQWURGHFDGD OLVWD
FDGD XQD GH ODV  VHFXHQFLDV JHQHUDGDV WHQGUi ODV RSFLRQHV
GLVWULEXLGDV GH IRUPD DOHDWRULD (VWH PpWRGR GH JHQHUDFLyQ GH
OLVWDVLQLFLDOHVHVPiVVHYHURTXHHOHPSOHDGRSDUDODOLVWDLQLFLDO
GHYHKtFXORV\QRSHUPLWHFRQRFHUHOYDORUGHFRVWHPtQLPR
DOFDQ]DEOHSDUDFDGDVHFXHQFLD
/D7DEODPXHVWUDODPHGLDGHORVSRUFHQWDMHVGHFRVWH&QHVWL
FRQUHODFLyQDORVYDORUHVGHFRVWHGHODVVHFXHQFLDVLQLFLDOHVGH
ODV VHFXHQFLDV REWHQLGDV GHVSXpV GH DSOLFDU ORV PpWRGRV GH
RUGHQDPLHQWRHVWXGLDGRV
(VWRV UHVXOWDGRV HPSOHDQGR  VHFXHQFLDV LQLFLDOHV PiV
UHSUHVHQWDWLYDV GH OD VLWXDFLyQ LQGXVWULDO VRQ FRKHUHQWHV FRQ ORV
REWHQLGRV DO VHFXHQFLDU OD OLVWD LQLFLDO GH  YHKtFXORV
GHVRUGHQDGDGHIRUPDDOHDWRULD


)LJXUD5HVXOWDGRVGHFRVWHGHVHFXHQFLDVJHQHUDGDVFRQPpWRGR*RDO
FKDVLQJVLQ\FRQRSWLPL]DFLyQ1HOGHU0HDG
7DEOD5HVXOWDGRVGHFRVWHGHVHFXHQFLDVJHQHUDGDVPpWRGR*RDOFKDVLQJ
VLQ\FRQRSWLPL]DFLyQ1HOGHU0HDG
3HVRVGHRSFLRQHV &RVWH
&QHVWL
/LVWDV
GHVRUGHQDGDV
 


/LVWDRUGHQDGD
*&0

>@ 

/LVWDRUGHQDGD
*&0

DFFBGLV 

/LVWDRUGHQDGD
*&0

>@ 
/LVWDRUGHQDGD
*&0

>@ 

/LVWDRUGHQDGD
*&010

>@ 

/LVWDRUGHQDGD
*&010

DFFBGLV 

/LVWDRUGHQDGD
*&010

>@ 

/LVWDRUGHQDGD
*&010
>@ 


/D)LJXUDSUHVHQWDJUiILFDPHQWHODPHGLDGHORVSRUFHQWDMHV
GHFRVWH&QHVWLSDUD ODVVHFXHQFLDVREWHQLGDVFRQUHODFLyQD ORV
YDORUHVGHFRVWHGH ODVVHFXHQFLDV LQLFLDOHVDODSOLFDUHOPpWRGR
*RDOFKDVLQJ\ODRSWLPL]DFLyQ1HOGHU0HDGVREUH*RDOFKDVLQJ
/DXWLOL]DFLyQGHYHFWRUHVGHSHVRVGHRSFLRQHVHQHOPpWRGR
*RDOFKDVLQJ SURGXFH PHMRUHV UHVXOWDGRV TXH HO HPSOHR GH ORV
YDORUHV XQLGDG /D RSWLPL]DFLyQ 1HOGHU0HDG GH ORV SHVRV GH
RSFLRQHV GH *&0 LQFUHPHQWD D~Q PiV OD PHMRUD GHO
VHFXHQFLDPLHQWR /RV YDORUHV REWHQLGRV FRQ 1HOGHU0HDG
HPSOHDQGRFXDOTXLHUDGH ORVFXDWURYHFWRUHVSUHGHWHUPLQDGRVGH
SHVRVGHRSFLRQHVVRQPHMRUHVTXHHOPHMRUUHVXOWDGRORJUDGRFRQ
YHFWRUSUHGHWHUPLQDGRVLQRSWLPL]DFLyQ
$GLFLRQDOPHQWH HO PpWRGR *RDOFKDVLQJ FRQ \ VLQ
RSWLPL]DFLyQ 1HOGHU0HDG KD VLGR FRQWUDVWDGR FRQ YDULDV
VHFXHQFLDV GH UHIHUHQFLD FOiVLFDV GH OD OLWHUDWXUD FRQFUHWDPHQWH
SDUD UHVROYHU VHFXHQFLDV GH OD OLEUHUtD&63/LE GH SUREOHPDV GH
RSWLPL]DFLyQ VXMHWDV D UHVWULFFLRQHV *HQW \ :DOVK  /D
7DEODPXHVWUDORVUHVXOWDGRVREWHQLGRV
/RV UHVXOWDGRV SDUD ORV GRV SUREOHPDV FRQ VHFXHQFLDV QR
UHVROXEOHV (7  \ (7BB SDUD OD IXQFLyQ GH FRVWH
XWLOL]DGD HQ &63/LE VRQ FRQVLVWHQWHV FRQ ORV PRVWUDGRV
DQWHULRUPHQWH HQ OD )LJXUD  GDQGRYDORUHV GH&QHVWL HQWUH 
 FRQ *RDOFKDVLQJ \ UHGXFLpQGRVH HVWH FRVWH XQ 
DGLFLRQDO FXDQGR VH HPSOHD WDPELpQ OD RSWLPL]DFLyQ 1HOGHU
0HDG
+D\ TXH VHxDODU TXH OD UHGXFFLyQ DGLFLRQDO GH FRVWH IXH
LQIHULRU HQ HO SUREOHPD GH OD VHFXHQFLD UHVROXEOH (7 
GRQGHXQDUHGXFFLyQGHFRVWHPiVLPSRUWDQWHGHSDUWLGDXQLGDDO
Q~PHURUHGXFLGRGHRSFLRQHVGHODVHFXHQFLDFLQFRRSFLRQHVQR
KDQ SHUPLWLGR REWHQHU XQD PHMRUD PD\RU DO HPSOHDU 1HOGHU
0HDG
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7DEOD5HVXOWDGRVGHRSWLPL]DFLyQGHSUREOHPDV&63/LEXVDQGR*RDO
FKDVLQJ\*RDOFKDVLQJFRQRSWLPL]DFLyQ1HOGHU0HDG
3UREOHPD /RQJLWXGGH
VHFXHQFLD
&RVWH,GHDO
&QHVWL

&RVWH&QHVWL
*RDO&KDVLQJ

&RVWH
&QHVWL
*+10

(7











(7    

(7B

   

 5HVXOWDGRVFRQGDWRVUHDOHV
(Q HVWH DSDUWDGR VH XWLOL]DUiQ OLVWDV GH VHFXHQFLDPLHQWR GH
SURGXFFLyQUHDOHVSURFHGHQWHVGH36$3HXJHRW&LWURsQ&HQWURGH
9LJR(VSDxD(QFRQFUHWRVHWRPDUiQYDORUHVGHODSURGXFFLyQ
UHDOL]DGDHQODWHUFHUDVHPDQDGHVHSWLHPEUH6HGLVSRQHGH
XQDOLVWDGHVHFXHQFLDPLHQWRSDUDHO6LVWHPDGH0RQWDMHH[LVWHQWH
HQ OD IiEULFD 6LVWHPD3DUD HO6LVWHPD VH WUDWDGHXQD OLVWD
RUGHQDGDFRPSXHVWDSRUYHKtFXORV FDGDXQRGH ORV FXDOHV
SRVHHFULWHULRVGHRUGHQDPLHQWRPRQWDMH
3DUDGDUOHXQDPD\RUUHSUHVHQWDWLYLGDGDQLYHOGHFDQWLGDGGH
YHKtFXORV DO HVWXGLR VH KDQ WRPDGR  OLVWDV GH  YHKtFXORV
SDUDHOFDVRGHOVLVWHPD6HFRUUHVSRQGHQFRQORVSULPHURV
YHKtFXORVRUGHQDGRVGHODOLVWDGHVHFXHQFLDPLHQWRUHDO
/RV FiOFXORV  UHDOL]DGRV D SDUWLU GH ORV GDWRV UHDOHV GH
RUGHQDPLHQWR GH  YHKtFXORV GHO 6LVWHPD  GH PRQWDMH GH
36$ &HQWUR GH 9LJR VH HQFXHQWUDQ UHVXPLGRV HQ OD )LJXUD 
PRVWUiQGRVH ORV YDORUHV PHGLRV REWHQLGRV SDUD OD IXQFLyQ GH
FRVWH &QHVWL DO HPSOHDU HO PpWRGRV GH RUGHQDPLHQWR *RDO
&KDVLQJ FRQ ORV FXDWUR YHFWRUHV GH SHQDOL]DFLyQ GH FULWHULRV
SUHGHWHUPLQDGRV \ WUDV DSOLFDU HO DOJRULWPR GH 1HOGHU0HDG
SDUD RSWLPL]DU ORV FRPSRQHQWHV GH ORV YHFWRUHV GH
SHQDOL]DFLyQGH FULWHULRV SUHGHWHUPLQDGRV (VWH DQiOLVLV SXHGH
FRQVXOWDUVHGHWDOODGDPHQWHHQ$UHDOE
'HOD)LJXUDVHGHGXFHTXHORVUHVXOWDGRVREWHQLGRVDSDUWLU
GH VHFXHQFLDV UHDOHV FRUURERUDQ ORV UHVXOWDGRVREWHQLGRV DSDUWLU
GHGDWRVJHQHUDOL]DGRV)LJXUD
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)LJXUD5HVXOWDGRVGHFRVWHGHVREUH VHFXHQFLDVJHQHUDGDVFRQPpWRGR
*RDOFKDVLQJVLQ\FRQRSWLPL]DFLyQ1HOGHU0HDGSDUWLHQGRGHVHFXHQFLDV
UHDOHV
1XHYDPHQWH OD RSWLPL]DFLyQ 1HOGHU0HDG GH ORV SHVRV GH
RSFLRQHV GH *&0 LQFUHPHQWD D~Q PiV OD PHMRUD GHO
VHFXHQFLDPLHQWR \ ORV YDORUHV REWHQLGRV FRQ 1HOGHU0HDG
HPSOHDQGRFXDOTXLHUDGH ORVFXDWURYHFWRUHVSUHGHWHUPLQDGRVGH
SHVRVGHRSFLRQHVVRQPHMRUHVTXHHOPHMRUUHVXOWDGRORJUDGRFRQ
YHFWRU SUHGHWHUPLQDGR VLQ RSWLPL]DFLyQ  (Q FXDQWR D
TXH ORV YDORUHV GH ORV FRVWH VHDQ PHMRUHV HQ HO FDVR  GH ODV
VHFXHQFLDV UHDOHV )LJXUD  TXH HQ HO FDVR GH ODV VHFXHQFLDV
JHQHUDOL]DGDV)LJXHDWLHQHVXH[SOLFDFLyQHQTXHODVVHJXQGDV
VHKDQKHFKRHQFRQGLFLRQHVPiVHVFULFWDVOLVWDVGHYHKtFXORV
IUHQWHD OLVWDVGH\Q~PHURGHRSFLRQHVHQHO LQWHUYDOR >
@IUHQWHDRSFLRQHV

 &RQFOXVLRQHV\WUDEDMRIXWXURV
(Q HVWH WUDEDMR VH KD SUHVHQWDGR OD XWLOL]DFLyQ GH SHVRV GH
RSFLRQHVGLIHUHQWHVSDUDPHMRUDUHOVHFXHQFLDPLHQWRREWHQLGRSRU
XQDOJRULWPR*UHHG\PpWRGR*RDOFKDVLQJ6HKDQLQWURGXFLGR
FXDWURPpWRGRVGLIHUHQWHVGHFiOFXORGHSHVRVGHRSFLRQHV\ ORV
UHVXOWDGRVGHVXHPSOHRKDQVLGRPRVWUDGRVSDUDHOFDVRFRQFUHWR
GHOPXQGR GHO DXWRPyYLO  FRQ XQD VHFXHQFLD GH SDUWLGD GH 
YHKtFXORV
6HKDLQWURGXFLGRHOPpWRGR1HOGHU0HDGGHRSWLPL]DFLyQQR
OLQHDO\VHKDPRGLILFDGROLJHUDPHQWHSDUDDGDSWDUORDOSUREOHPD
GHVHFXHQFLDPLHQWRGHORVVLVWHPDVGHSURGXFFLyQPXOWLSURGXFWR
\PXOWLQLYHOSDUDRSWLPL]DUHOFiOFXORGHORVSHVRVGHRSFLRQHV
/RV UHVXOWDGRV ORJUDGRV FRQ HVWRV SHVRV RSWLPL]DGRV KDQ
PHMRUDGR ORV FRQVHJXLGRV FRQ ORV SHVRV GH RSFLRQHV FDOFXODGRV
DQWHULRUPHQWH
/RV UHVXOWDGRV REWHQLGRV D SDUWLU GH XQD ~QLFD VHFXHQFLD GH
SDUWLGD VH KDQ JHQHUDOL]DGR XWLOL]DQGR  VHFXHQFLDV
UHSUHVHQWDWLYDVGHOHQWRUQRLQGXVWULDO\VHKDQFRQWUDVWDGRIUHQWHD
DOJXQDVVHFXHQFLDVGHUHIHUHQFLDFOiVLFDVGHODOLWHUDWXUD
$ODYLVWDGHORVUHVXOWDGRVREWHQLGRV

 (O PpWRGR *RDOFKDVLQJ PHMRUD GH IRUPD LPSRUWDQWH HO
RUGHQDPLHQWR GH ODV VHFXHQFLDV LQLFLDOHV GHVRUGHQDGDV
(QPHGLDSUHVHQWDXQDUHGXFFLyQKDVWDHOGHOYDORU
GHFRVWHLQLFLDOSDUDODIXQFLyQGHFRVWHXWLOL]DGD
 (OPpWRGR*RDOFKDVLQJ DVRFLDGR DO HPSOHR GH YHFWRUHV
GHSHVRVGHRSFLRQHVPHMRUDHO*RDOFKDVLQJFOiVLFR(Q
PHGLDSUHVHQWDXQD UHGXFFLyQVXSOHPHQWDULDTXHDOFDQ]D
KDVWDHOGHOYDORUGHFRVWHLQLFLDO
 (O PpWRGR *RDOFKDVLQJ DVRFLDGR D OD RSWLPL]DFLyQ
1HOGHU0HDG GH ORV FRHILFLHQWHV GH SHVRV GH RSFLRQHV
PHMRUDORVYDORUHVGHFRVWHDQWHULRUHV(QPHGLDSUHVHQWD
XQDUHGXFFLyQVXSOHPHQWDULDFRQUHODFLyQDO*RDOFKDVLQJ
FOiVLFR TXH DOFDQ]D KDVWD HO  GHO YDORU GH FRVWH
LQLFLDO

8QDIXWXUDOtQHDGHWUDEDMRHVODDSOLFDFLyQGHODRSWLPL]DFLyQ
1HOGHU0HDG FRQ RWURV DOJRULWPRV *UHHG\ QR WDQ GHVWDFDGRV
FRPRHO*&0HQORTXHUHVSHFWDDOHTXLOLEUDGRGHODVRSFLRQHV\
SDUD ORV TXH HO HPSOHR GH ORV SHVRV GH RSFLRQHV GLIHUHQWHV
SURSRUFLRQDUtDDSULRULXQDPHMRUDPD\RU2WUDYtDDH[SORUDUHV
OD XWLOL]DFLyQ GH RWURVPpWRGRV GH RSWLPL]DFLyQ QR OLQHDO GH ORV
SHVRV GH RSFLRQHV TXH SHUPLWLUtDQ FRQWUDVWDU ORV UHVXOWDGRV \D
SUHVHQWDGRVHQHVWHWUDEDMRXWLOL]DQGRHOPpWRGR1HOGHU0HDG




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(QJOLVK6XPPDU\
*UHHG\ +HXULVWLFV LPSURYHPHQWV IRU VHTXHQFLQJ 0XOWL
PRGHODQG0XOWLOHYHO3URGXFWLRQ

$EVWUDFW

7KH&DU6HTXHQFLQJ3UREOHPFRQVLVWVLQPDLQWDLQLQJDFHUWDLQ
RUGHU LQ WKH YHKLFOHV DV WKH\ SDVV WKURXJK WKH DVVHPEO\ OLQH
6HTXHQFHV KDYH WR EH EXLOW DFFRUGLQJ WR HDFK YHKLFOH
V RSWLRQV
HDFKRQH UHTXLULQJGLIIHUHQW UHVRXUFHVDQGSURGXFWLRQ WLPHZLWK
WKH REMHFWLYH RI DYRLGLQJ WR H[FHHG WKH PD[LPXP KXPDQ DQG
IDFLOLW\ SRWHQWLDO ,Q WKLV SDSHU ZH XVH D *UHHG\ KHXULVWLF WKH
*RDOFKDVLQJ PHWKRG GHYHORSHG E\ 7R\RWD WR VROYH WKH &DU
6HTXHQFLQJ 3UREOHP 7KH FRQFHSW RI GLIIHUHQW ZHLJKWV IRU HDFK
RSWLRQ LV LQWURGXFHG WR LPSURYH WKH RUGHULQJ RI WKH VHTXHQFH
1HOGHU0HDG PHWKRG RI QRQOLQHDU RSWLPL]DWLRQ LV DSSOLHG WR
REWDLQ WKH ZHLJKWV RI RSWLRQV WKDW PLQLPL]H WKH FRVW RI WKH
UHVXOWLQJVHTXHQFH7KHUHVXOWVREWDLQHGIRUDLQLWLDOVHTXHQFHDUH
H[SDQGHG WR D VHW RI  UHSUHVHQWDWLYH VHTXHQFHV RI WKH
DXWRPRWLYH LQGXVWU\ DQG WKH\ DUH FRQWUDVWHG ZLWK VRPH RI WKH
FODVVLFDOEHQFKPDUNVIURPWKHOLWHUDWXUH)LQDOO\UHDOGDWDLVXVHG
WRYDOLGDWHWKHSURSRVDO

.H\ZRUGV

+HXULVWLFV VHTXHQFH HVWLPDWLRQ RSWLPL]DWLRQ SUREOHPV
DXWRPRELOHLQGXVWU\
5HIHUHQFLDV
$UHDO - 0DUtQ 5 *DUULGR - D 3URGXFWLRQ /LQH EDODQFLQJ ZLWK
*HQHWLF$OJRULWKPV ,QWHUQDWLRQDO -RXUQDO RI0DQXIDFWXULQJ 7HFKQRORJ\
0DQDJHPHQW
$UHDO -E5HVROXFLyQGHOSUREOHPDGHO VHFXHQFLDPLQHWRGHYHKtFXORV
HQXQHQWRUQRLQGXVWULDO7HVLV'RFWRUDO8QLYHUVLGDGGH9LJR(VSDxD
%ULDQW21DGGHI'0RXQLp**UHHG\DSSURDFKDQGPXOWLFULWHULD
VLPXODWHGDQQHDOLQJIRUWKHFDUVHTXHQFLQJSUREOHP(XURSHDQ-RXUQDORI
2SHUDWLRQDO5HVHDUFK
&KHZ 7 'DYLG - 1JX\HQ $ 7RXUELHU <  6ROYLQJ FRQVWUDLQW
VDWLVIDFWLRQ SUREOHPV ZLWK VLPXODWHG DQQHDOLQJ 7KH FDU VHTXHQFLQJ
SUREOHP UHYLVLWHG WK ,QW¶O :RUNVKRS RQ ([SHUW 6\VWHPV DQG WKHLU
$SSOLFDWLRQV±$YLJQRQ)UDQFH
&RUGHDX -) /DSRUWH * DQG 3DVLQ )  $Q LWHUDWHG ORFDO VHDUFK
KHXULVWLFIRUWKHORJLVWLFVQHWZRUNGHVLJQSUREOHPZLWKVLQJOHDVVLJQPHQW
,QWHUQDWLRQDO-RXUQDORI3URGXFWLRQ(FRQRPLFV
'HODYDO 0 2KO + *HQWLQD -& <YDUV 3$  $OJRULWKPHV GH
FDGHQFHPHQW UHDFWLI GHV YHKLFXOHV HQ HQWUpH GH OLJQH GH PRQWDJH
DXWRPRELOH5HYXHG¶DXWRPDWLTXHHWGHSURGXFWLTXHDSSOLTXHHV




'LD] $ *ORYHU ) *KD]LUL + *RQ]DOH] - /DJXQD 0 0RVFDWR 3
7VHQJ) 2SWLPL]DFLRQ+HXULVWLFD \5HGHV1HXURQDOHV (GLWRULDO
3DUDQLQIR
'RZQVODQG.$6LPXODWHG$QQHDOLQJ0RGHUQ+HXULVWLF7HFKQLTXHV
IRU &RPELQDWRULDO 3UREOHPV &5 5HHYHV %ODFNZHOO 6FLHQWLILF 3XE
2[IRUG
'UH[O $ .LPPV $ 0DWWKLHVVHQ /   $OJRULWKPV IRU WKH FDU
VHTXHQFLQJDQGWKHOHYHOVFKHGXOLQJSUREOHP-RXUQDORI6FKHGXOLQJ

(VWHOORQ%*DUGL)1RXLRXD.2UGRQQDQFHPHQWGHYpKLFXOHVXQH
DSSURFKHSDU UHFKHUFKH ORFDOH j JUDQGYRLVLQDJH ,Q$FWHVGH3UHPLqUHV
-RXUQpHV)UDQFRSKRQHVGH3URJUDPPDWLRQSDU&RQWUDLQWHV/HQV)UDQFH

*HQW , 3 :DOVK 7  &63/LE D EHQFKPDUN OLEUDU\ IRU FRQVWUDLQWV
7HFKQLFDO UHSRUW $3(6 $YDLODEOH IURP
KWWSFVSOLEFVVWUDWKDFXN$VKRUWHUYHUVLRQDSSHDUVLQ&3
*ROGEHUJ '(  *HQHWLF $OJRULWKPV LQ 6HDUFK 2SWLPL]DWLRQ DQG
0DFKLQH/HDUQLQJ5HDGLQJ0DVV$GGLVRQ:HVOH\3XEOLVKLQJ&R
*RWWOLHE-3XFKWD06ROQRQ&$VWXG\RI*UHHG\ORFDOVHDUFKDQG
DQWFRORQ\RSWLPL]DWLRQDSSURDFKHVIRUFDUVHTXHQFLQJSUREOHPV/HFWXUH
1RWHVLQ&RPSXWHU6FLHQFH
.LUNSDWULFN6*HODWW&'9HFFKL032SWLPL]DWLRQE\6LPXODWHG
$QQHDOLQJ6FLHQFH1HZ6HULHV
.LV72QWKHFRPSOH[LW\RI WKHFDUVHTXHQFLQJSUREOHP2SHUDWLRQV
5HVHDUFK/HWWHUV±
,QPDQ 5 %XOILQ 5  4XLFN DQG GLUW\ VHTXHQFLQJ IRU PL[HGPRGHO
PXOWLOHYHO -,7 V\VWHPV´ ,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ 5HVHDUFK

/DJDULDV-5HHGV-:ULJKW0:ULJKW3&RQYHUJHQFHSURSHUWLHV
RI WKH 1HOGHU0HDG VLPSOH[ PHWKRG LQ ORZ GLPHQVLRQV 6RFLHW\ IRU
,QGXVWULDODQG$SSOLHG0DWKHPDWLFV-RXUQDORI2SWLPLVDWLRQ 

0LOWHQEXUJ-6LQQDPRQ*6FKHGXOLQJPL[HGPRGHOPXOWLOHYHOMXVW
LQWLPH SURGXFWLRQ V\VWHPV ,QWHUQDFLRQDO -RXUQDO RI 3URGXFWLRQ
5HVHDUFK
0RQGHQ <  7R\RWD 3URGXFWLRQ 6\VWHP ,QVWLWXWH RI ,QGXVWULDO
(QJLQHHUV3UHVV1RUFFURVV*HRUJLD
1HOGHU -$ DQG 0HDG 5  $ VLPSOH[ PHWKRG IRU IXQFWLRQ
PLQLPL]DWLRQ&RPSXWHU-RXUQDO
3DUUHOOR %  &DU :DUV 7KH DOPRVW ELUWK RI DQ H[SHUW V\VWHP $,
([SHUW
3RQQDPEDODP6*$UDYLQGDQ35DR06*HQHWLFDOJRULWKPVIRU
VHTXHQFLQJ SUREOHPV LQ PL[HG PRGHO DVVHPEO\ OLQHV &RPSXWHUV DQG
,QGXVWULDO(QJLQHHULQJ±
6ROQRQ& &XQJ 9 '  1JX\HQ$ DQG  $UWLJXHV&  7KH FDU
VHTXHQFLQJ SUREOHP2YHUYLHZ RI VWDWHRIWKHDUWPHWKRGV DQG LQGXVWULDO
FDVHVWXG\RIWKH52$'()¶FKDOOHQJHSUREOHP(XURSHDQ-RXUQDORI
2SHUDWLRQDO5HVHDUFK±
:DUZLFN 7 7VDQJ (  7DFNOLQJ FDU VHTXHQFLQJ SUREOHPV XVLQJ D
JHQHWLFDOJRULWKP-RXUQDORI(YROXWLRQDU\&RPSXWDWLRQ±
;LDRER = =KRX =  $OJRULWKPV IRU 7R\RWD¶V JRDO RI VHTXHQFLQJ
PL[HGPRGHOV RQDQDVVHPEO\ OLQHZLWKPXOWLSOH VWDWLRQV-RXUQDORI WKH
2SHUDWLRQDO5HVHDUFK6RFLHW\±
=LQIORX $ *DJQp & *UDYHO0  &URVVRYHU 2SHUDWRUV IRU WKH &DU
6HTXHQFLQJ 3UREOHP (YROXWLRQDU\ &RPSXWDWLRQ LQ &RPELQDWRULDO
2SWLPL]DWLRQ
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

